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(54) OPTOELECTRONIC INTEGRATED CIRCUIT AND ITS MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce a base-collector 
junction area and improve current cut-off frequency by 
increasing the resistance of the periphery of a collector 
layer, or a part of a base layer and the periphery of the 
collector layer by ion implantation or the like. 
SOLUTION: For example, a p-type Bragg reflector 102 
on an N-GaAs substrate 101, an active region 103 and 
an n-type Bragg reflector 1 04 construct a surface 
emission laser 150. Further, an n-GaAs collector layer 
105 on the n-GaAs substrate 101, a p-GaAs base layer 
106, an n-AI10.3Ga0.7As base electrode 1061, an 
emitter layer 107 and an emitter electrode 1071 
construct a heterojunction bipolar transistor 151. A high 
resistance layer 1 1 0 is formed at the interface between 
the base layer 106 and the collector layer 105 and the 
periphery of the collector layer 105. This reduces a 
base-collector junction capacitance. The high resistance 
layer 1 10 is formed by, e.g. hydrogen ion implantation or 
oxygen ion implantation. 
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[#m**<Djfiffl] 

[!it#Jg2] «rlB=»U^^JiO»*^500nni«±-Cfc5 
[»#«4] 

#*g§§§iffi$S#u— if 

SB> hZ^^lt&^i'? ?mk&=*i'? *m<OTiz&>zm 
K^«»:Sffi±(cS*^n^:nS«^^^oA 1 G a A 



(2) 0-65144 

2 

SW«tt«:«FO A lAst'fc^ SO (OStfnffiiStttt 
SrlfoG a A s -Cfo5=» ^^^i^ttWo^ 

tt= ^* *m*(OA i a s (ommmmitzinT^zyt 

[ft#if 7] ^afffcSlS^ 

#J§Sl!>®3gftu-if£, 
70 K*»»S«±^«*Sn^:nS!*ett$rfipoA] G a As 
^b4S*$y*Ii, pi#«tfc»oGaAs^?> 
ft Jit, R-<— *® fc»*LT^S»##nS 

ag®tt£J$o A 1 A s -C&> 0, SO /55nSWmti$:^o 
G a A s TfcS^ ^1 Irtt pg^/M 

ftpU^^I1»Oni*tttt»OA 1 As©i«i« 

* s o s m x k> /> $ v ^m^a 0 &<> 
a s sr^v^^»*^6^^*±7^iattco)ta^*aisi 

20 Eg. 

[0 00 1] 

tf t^os^-f h^>^;**±&«B* 
[0002] 

p ^7f7^^^^5 

30 9», 1 0 3 5^-^ 1 0 3 8^ (19 

9 3$) (Photon. Techno I. Lett. Vol. 5, No. 9, p 
p. 1035-1038 (1993)) UlfEttSJxT V^*«#fc6 8 
[0 0 0 3] i©*«-T-*«BII»lCov^TR9!i-*. G 
iAiiK±»|*MaHjei — if (gn\ vc 
SEL) ^it/GaAs/AlGaAs^fDg^ 
^^7h7^^ (j£*T\ HBT) Srrojffi^S 
fiR*Lfe»«aS*:UTV^5 0 VCSELfi, ^^JkDH 
BTitrJsy h^y^-^teJ: . 

40 WEV C S E L t LfcffilCH B T^JBSi 

£ixT*$0. :hb©VCSELtHBTtt, -Y^^S 

-KiHBTWS y^3ft*E»-Cllf«*tii:-e, cnb 

£9, +ft-rOD7^7ffl|0^t8tl — if 

[0 0 0 4] £fc N VCSELtHBT^Sl:9IL 
*i«iSOJtett^*«laIBi: Lttt, 4*Bfl¥6 - 6 15 8 
SO 0*H5t«. USP5 2 8 3 4 4 7«ifcS 0 
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[0 0 0 5] 

of*, VCSEL^bOitiM^HBTlCtt), 

VCSELSP^C0lg$iCO5t46, HBT^ 

^s^*Jis^ti, ?tm.*Mmm&k Lxco^mmm^ w 
[0006] ^^(os^T*fi v ?9 tmmcvc s 

) [0 0 0 7] ^err\ *^^fi±ia«*ogiasr«ft: 

U HBT^VCSEL^«*ftfeiiEyiJ^«agnrv^ 
[0 00 8] 

[0 0 0 9] Si 0>«j££ Lt, =» *S<£>Ji»S&, 

VCSEL«ril5a^jSg»-*-5r ^:ds-e#<5. 
J [0 0 1 0] SfT2<0«/£* tt, Jfllora/£tcAD;i, 3 

£5 0 0nin«±fc:Rj£i-sr £: t\ 

[ooii] g3oMtLt, ^^??m<Dwimn* 

[0 0 12] I4^ifi)ti:lt, =»u**Jl*tV<-.x 
JBiOjfffifcA 1 A sg&AiX, :OAl AslW$: 

[0013] :nb^i:J;!}, v^Jxfc 

[0014] 50 



) $#H8^ 10-65144 

imm<Dmm<omm sit. *M4>itik0>jmicov* 
[0015] (nt&<omt& i) mi iz&j&mz&nz— 

[0 0 16] n-Ga AsSSIOIJilCpSi^ys/^SW 
32102£, gti-S103£, ni^7 y ^£#*Sg104<t, n- 
G a A s rt>e>&53 U**g105<!:, p-GaAsH 
^5-<-^jH06,ir, n-AlGaAs^f)/^x>^ 

®io7^, n-G a Asmt>*btt&** y-rmm&m-m 

9, -<-*@®106K i§ y^«ffi1071S:«?ja-r5. pS 
77y?frMm02, Stt««103i:nH^7y^K»»1 
04l*ffl»3teu-if150*r*j£U J£tt*103a> 
te, P®^7s/^S^S102tnS^7 3r^SI*«104^b 

fc^5 0 IB363fe^— IflSO^beou- iP^ttt, n-G a 
A smmO\*mY) n-G a A sS«101(OS@^^ fctJtt 

[0 0 17] «rlBpffi^7iy^Ri*»102tt, Ell 

(b) (D£?\Z X p-Al AsI1021tp-Ga AsilO 
22£-*t£: Lfct>£>2 4. 5^e>«fifc*tt5o P-A 
1 A s J11021 <bp — G a A s JH022OB0*cttH©^ 
7*5/ Kif 1023;$s;fc9, jftgfcdsp— A 1 A s^^p-A lx 
Gal-xAs (0 ^ x ^ 1 t?x^ 1 ^>^> O^rSl^^o ) 
«rStp-G a A s — A 1 «*#»»ttlC*ffcLT^ 
So 

[0 0 18] WIBnS^^s'^KWSKMtt, Hi (c) 
Oj;?^ n— Al Asjl1041^n— G a A s /P1042£:- 
ttk Lfzh<D24.5ttfrbffi&£tlZ> 0 n-AlAsi104 
1<tn-G a A s S 1 042 K U— 7* y KJB1043#*> 

a^n-AlAs^^n-AlGaAs (0^x 
^ 1 "Cx *s 1 0^f*]^? o ) IrSTn — G a A s ^ 
A 1 »«a*»»WfclSEteLTV*5 0 

[0 0 19] fgtt«S*l 0 3 11, 7^K^I n 

0.2Ga0.8AsStI (8 run) tr^jfri L % *0>PHIUc 
7yK-^GaAs (lOnm) % S ^(d^OpjlliJ^T 
yK-/Al0.5GaAs ( 5 0 n m) ^r^^cLTV> 

5o ryK^AiGaAsoswrit p^^7^^ 

SWSMl:f4p-A10.5GaAs, nS^'^RM 
§§{80JCfin-A 1 0. 5GaAs«ilfll8 0nmf 

[0 0 2 0] n-GaAs3l^^^il05, p-GaA 
s^<— ^^106, n -A 1 0.3G aO. 7A s ^^^106 

[0 0 2 1 ] su^^J|l052:nB^?!x^SMI»104a 
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* 151 h E383fc l'-lf 1 50tt % tt«Cftlc:ByiJlc»R 

0MMM-S««**6. a*, B»*u-1f150OL* 

^* ? 151 cot@*Sf^ffl tc J: 9 , tf «8Eli«*3dS100 
<D»-fi\ 20-30// AO^-*«SrcB3S3feU'— if 150 

[0 0 2 2] «*©*WK:J:tltf, VCSEL^BSjSK 

(5£ 1 ) f T=1/[2 7t {re (Cbe+Cbc) + (Re+Rc) Cbc+ tb+rc)] 



70 » 



*-J\ h7>^A*151<D 

[0 0 2 3] BB»*U— JflSOt^oS^M jK— 9 
h 9 ^151^^W^iE^J^SSE^nTVN63tm 
**SH§IB*c*5^T, ffi**^— !f150«:«8HEB**t 

WrflRttfTtt* 0*1) r^^^n. .-<-^ 
[0 0 2 4] 



^*ff«rlB-C*>!9, rett5n^T, xbte2ps, to 

I*1psfig-Cfc5. Cbe, Cbcli-tix^Jx (*2) . (5* 

3) % (S4) , (5t5) tcj: 0*fc>«S*t5. 
[0 0 2 5] 

K2) Cbe=Ae{ £ qNbe/2 (Vbi-V) }1/2 
(S3) Cbc=Ab{ £ qNbc/2 (Vbi-V) ]1/2 
«4) Nbe=Nb-Ne/ (Nb+Ne) 
(5*5) Nbc=Nb ■ Nc/ (Nb+Nc) 

X/Kx^^ir/K VttS^BKJtai^ttEE, Nettys s> 
*i!co*+y^&& N NbWy<-;*JBtf>* + y ^SS, Nc 
tt= u-**Jics>3r^ y Aett^S y*ffif», Abte 

4) , («5) tt*ll*tl 0*6) % (a 7) ^ctpld 

[0 0 2 6] (S6) Nbe^Ne 
0*7) Nbe±?Nc 
t£oT, (*2) , (3*3) li, *tl?tl 0*8) , 
0*9) (Oj:5*-i6ia*ix5. 

[0 0 2 7] 0*8) Cbe=Ae[ £ qNe/2 (Vbi-V) J 1/2 
(«9) Cbc=Ab{ £ qNc/2 (Vbi-V) }1/2 

wfl>S*M\ M^n^yf^i:^ (5*1 0) -e» 

s*v • 3i/i?^s^tit (a; 9) , 

(a 10) Srffl^T, Kill TWSitSCfclctt 
[0 0 2 8] (SlO) C=£ S/ d 



[0 0 2 9] 
(SCI 1) CbcsCint+Ceit 

=Ab{eqNc/2 (Vbi-V) }l/2+£S/ d 

(ftll) iCteVvT* #i2jfSl**Cint, ®2^$rCext 
20 t«ItlCf5 0 

[0 0 3 0] Cinttt, h7y^^tUtttfft5^ 
= l^*»<BS*-?*>9 % Cextte, HSJ&etffcSbrt: 

[0 0 3 1] «±G>tt9§ J: D > m«S^fiiKS:fT^^:# 
<i-£fctf>ic:te, Cbe+Cbc+ (Re+Rc) CbcSr/h 2 < Lfcttft 

*««t*K b Atmic'J: 0**9 , 

*U 10Q^5>ft10fl©***fc45 Q fcT, fT(R]± 
O^^i-tt, Cbei:CbcSrfi*-r*i^H^*>5 0 A 
$k (Re+Rc) *5^-5CbcSrfi«L^*mtf*b«V> 0 
[0 0 3 2] ^rrT, -<-^jf106t 3ix^ 

^^105co^.®*3j:t/3 ^S105^Sffl(cBSSt« 
110^fi61"5r tt, ^ • 3i/^^A ia ^ /h 
£< L, CbcSr/hS< LTVn^o Ctttt (*11) lc*V^ 
TAbOfi»jr < t5CbcO(S»SrSt«5l-5 Q :oggS11 
lOli, ^§ y^H107^e>*S^^ 
^ i?a h^^^*^ttAu^^^4rJBj5RL, ^-^§106^ 

a LT-r tyaAS-c**>f t y*fciisai^ 3 

<b#, 3 u^^S105<t^®^^-r5lFP»O-<-^^106 
[0 0 3 3] ZtllCX 9, CbcSrfiKrSwt^-c#5 

scrims. 

[0034] (nm<omm2) ei2jc**w^*5*ts— 

Xlk0«fll03k« : 7-ftttlBlK0|RBBB<r«i-. 
50 JBttfi, Jtlfc©»«l t«#3fBli:«rt-ettfc6dS, 3U 



7 

?*J§(Om*$: 5 0 0 nmlCLTl^^MotV^ 

[0 0 3 5] n -G a A s g;&201±^;:pg!7'7:y;7'R&f 
S202^ Stt«203*, nffl^9 -x ^KW«204t, n- 
G a A s a>fefc<5=i ^S205i: s p-GaAsH 
ft5^<— ^S206^, n-AlGaAs^b45x^^^ 
8207 n-Ga As®** <bft 5 ^^«208Sr»^j» 
*tT**a^tSlcJ:0|»»j**Lfc*, 7V-K«K0 
9, ^-*«tt206K **tt«2071*»jfc1-S. pS> 
^7 y ^£1*^202, gttJf 203 k mzfy y ^R»»204 
ttM*U— !P2B0*r«J«U, »ttJI203^bO58*W: % 
Pl^7s/ ^RJttSI202 tnl^y ^K»«204** & ft £ 

5 e B658*l'~ f250frtb<Dl — 1f*tt\ n-GaAs 
g«201 £il 9 n - G a A s g«201 Og®^ & Hilt £ tb 
So 

[0036] ft*5, «riapa^7y^s»»202tt, p— 

A 1 As 82021 £p— Ga Asg2022£-*t£ Lfct>02 
4.5#d>feftS. P— A 1 A s JS2021 bp — G a A s S202 
20B»CttlBfl^u— 7** KS2023#fc<9, iaj**p— A 
1 A s ^bp-A 1 G a A s £rg£Tp— G a A s ^A 1 
IS^WlcffbLt^So WEnaf>T7y^RW»2 
04f4. n-AlA s Jl 2041 £n — G a A s 82042 2t k 
L1th<D24.5*tfrbffi&£tiZ>o n — A 1 A s 82041 k n 
— G a A s »2M2l£f4S«H^ W-x y 2043*5 9 , 
jfcfiJW s n— A 1 A s j&»6> n - A 1 G a A s ^rSTn — G a 

[0 0 3 7] = U**JB205 X -<-*®206, 
206 K at 3 y^S207t3i5 s/^Sffi2071fi, ^fng 
h7V^^251Sr«^-r-5« aU^K 
O5<0J¥Sf4, 5 0 0nm(Df$Tfo5, S5l£SUB210f4, 
-<-;*8206<h =1 *JB205<Z>JHM3 *820 

**{&NfcLT^&. r^ssst«2iott > mt&<omm I 

[0 0 3 8] ««\ fD»*^#-7 F7>^^ 
8205l4500nm£*_h(;: Lftv\» =3 u * * £?t B#Pb1 t 

c*s^f <ft6^e>-efe5c wsi^-c, tciiit 

wff^2ps0>;fc# $-T?*>0 % = *8205£^100nm:*: 
# < Ufcfcr «*>4pstefcfte>ftv\ 

#25HcaB»*^--» s 2503ftsa[J!lK:*«S*uTV^6O-e, 
*S»(Re+Rc) (4, &10Q£ft!3, CiT*5*»*»*Cbc«riS« 

[0 0 3 9] (5C11) fC*3V>T, CintiCextfc#ttT# 
tio Cint*«e>i-fc«>^tt^<— xffi«Ab«r*b-frtf J: 
\i\ ztttt*«S0i210^J:ij, ^.a^^ 
ffi«Sr/hS<-r*Cfc-CStaSix5o — Cextfi, ffi 
teft8210<DJ5£ d£r;*:#< I4»jntf4e>4v^t# 



(5) »H¥l 0-6 5 14 4 

(5£11) *»6*y5. Clitt, = ^*®205(7M£££* 

[0 0 4 0] AVk *3ttfc«[tC*5loT\ =» U**8205<Z> 
«S»4 5 0 Onmi: Lfctf. 5 0 0 nmWi-efcfttf <fc < , 
Cbc4r«Jdi-5Ct*«T#*. 

[0041] (mm<Dmm3) m3\z*ftmz&rtz>- 

70 [0 0 4 2] n-GaAs SS301±tCp^yy y ;/R#t 
SS302*. SttJ1233i, nffl^7 * ^R«t»304 4 , n- 
GaAsd^^^3i/^^i305i: % p-GaAs^b 
ft£-<— *83064 % n-AlGaAs^645i$j/^ 
®3074, n-Ga As«j&>feft 5=*^ y :/«308*#^» 

9, -<-^«8i306K a* y*««3071 
^7 jy ^R#t§§302, S&&8303 4 5/ ^RltS&304 

f4®3S*u-1f350£*/£U *SttJi303^b<D»*tt, 
pS1^7 s/ ^RM^302 1 niy7 y ^R#t§§304*> ^> ft 5 

^>o B»*V— tf350^6©U— If* 14. n-GaAs 
S«301 «rii "9 n - G a A s g«301 OgS ffiM S tl 

[004 3] ft*>, ^trfEp^y 9 ^ ^Rlt§§302l4, p- 
A 1 A s €3021 £p — G a A s JI3022£—*f£ U^i^^2 
4. 5^>bft5 e 

[0 04 4] p— A 1 A s €3021 irp — G a A s S3022O 
mz&miBiri'—f** KJB3023j&s*>0, !£Atfp— A 1 
A s **lo p — A 1 G a A s $r&Tp- G a A s ^A 1 S 

14, n — A 1 A s jp3041 <t n — G a A s ^3042£r — ttk L 
fet<024.5»d^b«^Sti5. n— A 1 A s /13041 kn- 
Ga AsJi3042^ttJII«^l — 7* v K«3043^fe»9 % « 
fife^n— A 1 A s d^n-A 1 G a A s £:|l"tn — G a A 
s-A 1 SS^^pg^fc^bbrv^^o 
[0 0 4 5] =*U**Ji305, ^^306, ^flt« 
3061, 31* y ^J1307t3Q$ y^«S307U4, ^rng 
^/<^/K-9 h 7 ^^^351 gate^u^ 
^^305O®a(4, SSIE-<-^S306<D®ffi!*5<tt/gftSaii 

»306ofl»»ilTI4§SfflfcftoT*5 9, ^I"?*m305 

1 l) TOAbdS/h$<ft*?, Cbct/hS<ftS. 

=3 U^^g305<7)j?^^5 0 0nmW±lc-rixJ4, (^1 
1) OCext^fiKfcjSaSix. Cbc^{g:®(cj4^ 

[0 0 4 6] ft*3, *SMfi^JBHi^*5V^T, ^IfE^U^ 
^®305^^af4, I»IBnfi^7y^JEJI*«304^)IB«J: 
5(? 0/h*v*4: Lfc#, HCS8fC*)otfc*b4^, * 



-5- 



9 

mfrb%*T, Cexte0ffi«fcMt*fijT*>5#, Si 
$i®i:1-5it)4>*b KCext offitt^M^ S n 5 . 

[0047] *iiikmc^»t5%«?4i8tiBi8S0>aiit# 

ftSrB4SrfflV^TKW-**6. n -G a A s £«40U:fc 

JI407*, ^-yy^JBWSrr^WcriSfti-S (B4 
a) . pS^^y^Si*«402, SttJB403£ n S!:/7 s> 
^K*itt4MttSK#r»tt9S*g% if 450^«jBKi- 
6o =»^^^®405, ^—^^406, :x *JI407£:3r 

[0 0 4 8] fttcs i N£|409£500nmJ^j2if;«U Br£ 

oMttit^o mm. i&mtTkm*. *<om^m<D 

^BlSrfToT, S i Nflg409±CDUv^ 

5 (H4b) o 7j/Yb**»-CS i NJBI409£ 

(04 c) o 

[0 0 4 9] S i 0 2R411*:*«U Br*0#ttfcAl 
XLfc^, >xy h^y^^^cJ;l9 3U^^*405«r 
SSHj-rs (ESl4d) o COXST?-<— **V4\2tm& 
^n5 0 S i 0 2M411^r^L > fSt/S i 0 2BI413& 
500nmJ^_b3M» U JJrJfc«>»RK:fllI-*-$. S 30 

i O 2«413<Offi8tra\ iM12<D®SU 9 t>*# 

(B4 e) 0 

[0 0 5 0] mm* iBBMbJc*** *^fe4«*-frR#C 
«t5?xy h^y^>^TnS!^7y^St«404«± 

Mtit-tZ (04 f) o aaffi^Bfflb/tau^ 

*S405£^^i& N igttftTK**, 

TiM Kx^^y/^An, *>iM120®;fBJ; t> 

/h^<-T5 (I§i4g) 0 ::t^ig-e^fD8^ 

Yy^i?**AS\mmZixZ>o 40 
[0 0 5 1] Si 0 2K413&m^**£ LT, JfiS? 

? * ^E#»404 % SttJ1403Srl»*-f 6. ffilEyr*^ 
-f ^^aiy^-^tt, f£te@403OHTT-f?ihU 
pS!^7!/^R»«402f±ai2x^^^L*^. :(OIg 

\z s S i 02«413S:»*a, 7V- K«ffi416S:JK#-t- 
£ (dl4 h) 0 

[0 0 5 2] ft*S, *Ht6^J8lc:*5lt5BiS*fe-C, 



) WfBB^I 0-65144 

(cjgtK, J: ft*** hx^ 

[0 0 5 3] (JIJ£OJgffi4) H5JC*:»WlC^lt5 — 

^ft-Ctt, => ^**m(D-mzA 1 A sJiSrfiHv 
Jf «riWb S it5 r £ T'CbcSrig;® L T ^ 5 0 

[0 0 5 4] n-Ga A s S«501±^pffl^9 2/ 
£§502 J£ttJ1503i % nffl^y^EJMKCHi, n- 
G a A s ^fe*«|Rt03 l^? *Jf505^ n-AIAsrt>ib& 
5S2cD=iu^^®506i:, p-GaAs^f,/i5^ 
i!507£, n— A 1 G a A s :y *J1508£:, n 

-G a AsS^b*5^r+ 3/^S509S:^j||x: tr^*i/ 

m®507K ^5 jy^«fli5081Sr»j«-r5. xMJ^v? 
SU£§502, *SttJB503i:na!^7!x^SW«504ttffi*3l6 
u — 1f550Sr«j5fcU SttJ1503^6>^>»3fett, pM^7 
vfmMm&Vlhm-?? y ^KI*»504^fe4S*S» 

SSftU— iF550a>e><Z>U— n-GaAsSffi601 
$:IH-GaAs iS*E501(7>»ffi^baWSn5. 
[0 05 5] ^4b\ l»IEpa!^9y^Si*»602tt. p— 
A 1 A s JP5021 bp — G a A s Jg5022£— Mt bfc^02 
4. SttfrbteZo p-Al As^5021i:p— Ga A s ^502 
2<Dffllzte&U?i'— J riy K^5023^fe V) % M*dSp-A 
1 A s p — A 1 G a A s $r^Tp — G a A s ^-A 1 

04^, n-A 1 A s ®5041 irn— G a A s /I5042£— ftt 
bfct>^24. 5^bM^fn5o n — A 1 A s JP5041 tn 

G a A s H5042«ctt||M^u— f* y KJB5043^fe 0 , 
fij**5n— A 1 A s n - A 1 G a A s £rl£~Cn — G a 

as^ai »Sas»»tofcKfbL-c^5. 

[0 0 5 6] 3 ^^505*5 X mOG. ^^507, 
*®£506K a:* y^®508 1 at* ^^m@5081 

£o *2(75=iu^^Ji506Offl»fflrt:KYk*ixT, AlAsOx 

S511t/^oTVN5o AlAsOxgSn^^fCcfc 

* • ^-***E«Cbca*,jx£ < ft D > (* 1 ) ri><bfT 

[0 0 5 7] =r ^^^(cGaAs/AIAsc^— ^p^®(c 

[0 0 5 8] ::-e, **aojBlB»c*j*t 

[0059] n-GaAs Stg601±IC^i»xi # 



// 

602 4, ?£tt3603 4, nSz/7i/^RIttmMt. n-GaA 
s^t)4$3 u**B605 4, n-AIAs^b^5=» i^^^S 

6064, -<-*meoit. v*mmt, **y?me 

ffi**^-1f650S:«iS:i-5. = 1^*3605 4 606, -< 
-*S607, 315 y * 36084 *^s/:? p S609te-^7 L n ft 

[0 0 6 0] Kit. i&Stffc:*3S7k, *<oj!S^?S»cJ:»?, 
315 y**-0-652«r, *<^a 
^ffi^J:?)-<-^^f-653Sr^:ix^4x^i«i-So 
*^U-652±KteJi5 y*flHi6521*s, ^^-^653± 

b) o 

[0 0 6 1 ] Si O 2^610^500nmJ^±i#@L, ffifeO 
»ttJcjipxi-5. r<s>e#, S i O 2jK610O®a« > -< 

~GaAsg«701 ^(KTCO^lcAJx, 85t:fctfco7tiW7K* 

9 , n-AIAsrt>b#5 3 *3606<Z^£jltRffttcgHb 
U «»SHcAIAs0x3612*»fifc-*-<5 (E16d) 0 
[0 0 6 2] S i 0 2^610^^15-^^^ 4 IT, 

?y^R*t»604, Stt«603*8fe*i--5. ftfJfSyT*^ 
l?****.?*'**^ SttJI703OiffT-e»JhL, 
pM^7y^S^602li^y^->'^U^v> (B6 
e) . ^OXS-C»iff*lB«affi»*^— 1f650*S«j« 
£ix£o ry— K««611S:IR*i--6. 

[0 0 6 3] ft*5, *jHfc©»ttlC*5»S«l5jc*ttl», 
-^652, * ^ ^6530^^*5^^= * 
3605, 06O3ijy^V^a£», iEgfcffcTkSi;*:, Tkcofl 

y^y^-isir&m^KLfts 9 
7- >r -74 * y ^ is ? &> 5 v > y r * ^ -< :/ >r > tr 
-Aiyfy^t,fflv>rt)«feiv^ = u**3 
606 (O * I i 1 0nmJ^ J: ti iiiiR mt vmftT 
6 0 £ blc s a u**36O6<0»ja&n-AIAsfca>;tTn-A 
IGaAs 4 LTtibi^. 

[0 0 6 4] (3Mfi*>»ffi5) H7*C**MJC*J^* — 

[0 0 6 5] n-GaAsSS701±l:piy7 5/^W 
££702 4, f£t£37034, nffl^9y^S«t»704t, n- 
GaAs^^5W^=^^^I705t, n-AIAs^b* 
5^2<D3 ^37064, p-GaAsd^/^^ 
707 4. n-A 1 G a A s 5 :y*37084, n— 

G a AsH^fettS^-v 5^3709 £#^||3i 
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£7071, :y*®®7081£^f&ir5o pfi^5y^S 
S*g702, ^«S7034nS^7 * ^K£t32704li®3g* u 
— !f750«r«fifcU »l43703a><b<7>iS3tel*, pS:/9 y 
^SW8702 4 nl!^ 9 * ^S»»704*» b ft 

1f750^b^U— Ifjfctt, n-GaAslffi701^ 
lOn-GaAs 5K701<OSffi^bffilt 
[0 0 6 6] ffiEpffl^7*^RI«l702MU p- 

A 1 A sS70214p-G a A s37022£-**4 L*:t>CD2 
70 4.5*f;$>b#5o p — A 1 A s 7021 4p — G a A s 37022 
<Dr%\a±m®L7l'—7 f iy K87023#fc9, fij£#p-A 
lAs^P>p-Al G a A s £rS"Cp — G a A s — A 1 

04fi, n— A 1 A s 37041 1 n — G a A s 37042$: — Mb 
Lfcfc024.5#a>fc*/«;Sjh,5. n — A 1 A s 37041 tn 

g a a s mmuatmi&yi'— ? y vmmz&&> r> , 

ffi^ti^xx — A 1 A s frh n - A 1 G a A s 4r^Tn — G a 
As— A 1 »*^apartt|caC{bLTV^. 
[0 0 6 7] au^^3705*5j:t/706, -<-^3707. 
20 ^«®706K ^^^^37084 31^^^^7081 

^rng^V/K- 7 h7V^ ^751«r*js8"f 
So »20= U^^3706O«»(RJttl»*SixT, ^ 
3707coSS<t!9/h^<^oT^>5o r4x(cj;«9 x 3 u 
• -<-*S^ffi«Cbcas/h£< 

[0 0 6 8] m2<D=* U^^3*tcGaAs/AIAsO— 

x ci #® J: 6 3 u ^ ^ ffifitOif^D^s q 
5^, *Sll6o?Bffi"rtt, 3U^*B705KitJiJ{cfl5$g 
!f750^o*36SoT*5D. r©»»©S^»10 

Cbcfi«lci-6fTifftI<75*^a*ft-e*>S. 

[0069] *nM<otemc&ifzyt&+Mm 

[0 0 7 0] n-GaAsSfi801JilC^I»3itr^^- 

802 1 . iS&m 803 4 % ni^s/ ^^^§§804 4 , n-GaA 
s^e>7i5 3 ^3805 4 s n-AIAs^^>^S 3 
8064, ^-^38074, ^5^^38084, 2/^38 
09«r^OlH«c:ricfii-6 (E18a) 0 P a^7s/^KW80 
^0 2, »tt3803tnSB^7 3/^Ri*Si804tta[e*lB»a 
ffi«5tu— !f850Srfl|f£i-5o 3 ^38054806, -< 
-*3807, 315 ^^38084 ^^^^S809fi:--rn ft 
^^-7 h7V^^851S:«figi-S. 
[0 0 7 1 ] «g£ x iBBKb^X*. *oa*S«»c J: 9 , 
315^^^1^-852^, ^xy^ i8»fk7k**, *<^)S 
^<^f-^ ^ ^<-*>i>-853*JgfiM-a. 3i$. y ^>-^8 
52±iCfizn^ 5/^S<18521^^ ^^i^853±tcfi-< 

-^sS853i75^tt^n^$nr^s cmsb) 0 

[0 0 7 2] S i O 2 JBI810£500nmi^±i£S[ t, B^T^CO 
so BmctoX-tZo ^(D&f y s i O2JR810OB8K*, 



(8) 

13 

^1*5 (B8c) o wOttffiT-7y{b**»^a«L, n 
-AIAs*>e>45=u^^«806O»»fflSrB**U, * 
■807©lWJ:0/h*<i-« (B8d) . 
[0 0 7 3 J Si O2fflt810«rf¥l5^**i: It, fig 

T^r^^yf-Axyf^ii gttS803(oa: 

V* (08 e) o w<OXfi-CSa:*IB«ffiB3g*U— 1f850 
^»«Sll5. T/-K««811«r*»-i-S. 
[0 0 7 4] fc*5, *SHjSO*1B^*5Jt5«5ft*ffi-e, 
y*>+852, *>iT8530?gfiM3j:tf=iU** 
JI805, 806©iy^>'^^atK, SBMfc;***, tK^^I 

806O|aj«S:n-AIAs^d^Tn-AIGaAst LTfc*fc>fc 20 
[0 0 7 5] 

[■■oftVttK*!] 30 
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[02] ttmn—nrnnmuizisv&xMfmwi* 
m3] *&w<D-nn<oMmizjsrtz>ytm*mmisi& 

[05] *&m<o-n&<D&mz&vzytm.*mm\Bii6 
[0 6] *amto—nito>mtoiz&ttz&V¥4imBin 
[07] ^^^-iijBg^ffifc^jts^s^aiiHiss 
[0 8] ^^o-njfi^flgic^tts^a^aiHiK 
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n — G a A s 
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10 5 




10 6 




10 7 




10 8 




110 




5 0 6 


n -A 1 A s =* Is? ?m 


5 11 


AlAsOxi 


7 0 6 


n - A 1 A s =i U^Jf 


8 0 6 


n-A 1 A s =i ?m 



[01] 




1071 J^^*« 

108 ±+vym 

107 i5^f 
1061 
106 

110 ?S£i7t» 
105 3L/??JJ| 
104 nfflr9*iT£J»e 
103 Sttfl 
102 pfi^7^£ 
101 n-GoAs£« 



151 'W*--^ 



J 



150 



(b) 

24. 5**-^ 

(C) 
24.5*H 



✓0021 p-AlAs« 
1023 ttflSTU— tVvHNB 
1022 P-GaAS# 

,1022 
1023 
•1021 



102 




1041 n-AlAs* 
1043 afl^U—r -fvKS 
042 n-GaAs/8 



104 



-8- 
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(a) 



7V-K*« 209 




2071 X5-»*««^ 

208 ±+vzrm 

207 X$v9m 

2061 

206 -v-JZ/l 
20S DU^Jl 
210 ftS&JI 



Ys'SSSSSA 



204 nffl^^fitt** 
x r2Q3 m&m 

^-202 Pffl^^TiTfiWe 
-?<-201 n-GoAsS« 



} 



250 



(b) 
24.5*fr< 

(C) 
24.5** < 



-2021 p-AlAs» 
^2023 

2022 p-GoAS» 

.2022 
*^2023 
2021 

2041 n-AlAsff 
-2043 a^tiTU-^-vK* 
"2042 n-GoAs» 
^2042 
-2043 
-2041 



202 



> 204 



im3] 




7>-K«S 309 
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•3071 i5-^tffi 
-308 =^+«/^* 
307 15^1 
-3061 

-306 "i-** 
-305 1\s09m 
-304 nS^-y^fiJm 
*303 

-302 pm.zT^»,7Rm& 
-301 n-GaAsatfi 



351 h^>^^5> 



} 



350 



(b) 



24.5*M 




(O 



24.5*T < 



^3021 P-AlAs» 

3023 E.U7\s-T<^m 
' 022 p-GaAs« 

^.3022 
3023 
3021 

3041 n-AlAsS 
-3043 SUK^U-^-fyKJi 
^3042 n-GoAs» 

_^3042 
3043 
3041 



302 



> 303 
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(10) 



0-65144 



[El 4] 



[13 6] 



(o) 




408 *w?m 
aos *<-xm 

405 3U?S>» 

404 nffl75v^«l*« 

4oi fa&9*7Kma 

401 n-GaAs££ 



409 SiuK 



601 n-GaAs£8t 




483I 450 ffiS^fiU-lf 
402j 



.6521 X5^«fi 
609 

'6531 
-652 X5 
606 
^05 
04 




f 609 *w:7JB 
,608 x$y^fl 
607 ^C-^» 
606 ^\s?9m 
605 3U^5»JB 
•604 nffl^y^fitttt 
'603 

'602 pa? sv^ae 



> 651 ^^a*£ 



>650 K«*fcl^-*f 



416 



601 



[05] 



(a) 



5V-K«« 610 



Cb) 




24. 5» 



5081 X57?BS 
509 

508 x$v?J| 
5071 

507 -C-^« 
511 AlAs0x» 
06 

505 Dls9?m 



501 n— Go As 2 



551 h^^^^^ 



550 




6021 p-AtAs» 
5023 ■ <K^1/-?V»KB 
5022 P-GoAs« 



502 



(O 



24.5tt < 




.5041 n-AlAs» 
5042 n-GaAs« 



504 



-10~ 
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[1217] 



^-J**ffi 7071 



7/-K*fl 710 * 




7081 

709 *+v-XM 
708 x^?9l 
707 ^-*» 
706 3U^J» 

705 

704 nffl:f5vf£#« 
703 

702 pffl^9^R»S 
701 n-GoAs»« 



751 ^rO&t/U£-5h'yy*;zS 



►750 ffi«*U— »f 



24.5*h 



..7021 p-AlAs» 
-7023 M«^-^yKA 
-7022 p-GoAsB 

-7022 
-7023 
-"-7021 



702 



24.5tt 




7041 n-AlAs» 
043 »(Hiru-T<vK*JS 

7042 n-GoAsAI 

7042 
7043 
"7041 



?-704 



[0 8] 



.809 

"08 xs<r5»f 
07 ^-Xflt 

06 -y^asm 
805 zn>q*m 



(a) 



(b) 



(c) 




2 777 ^ 7 / 7/7 
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_O3>650 m«Au-tf 
802j 



